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Abstract Modern production systems must guarantee 
high performance. Increasingly challenging international 
competition, budget reductions for the health sector and 
constant technological evolution are just three of the 
many aspects that drive pharmaceutical companies to 
continuously improve the productivity of their lines. 
The scientific literature has for many years been 
proposing calculation models for estimating the 
productivity of a machine. One of the most famous, and 
still used, is overall equipment effectiveness (OEE). This 
allows the calculation the valuable output considering the 
six ‘big losses’. The limitations of this approach are 
noticeable when considering a production line instead of 
a single machine. Numerous researchers have proposed 
alternative methods or changes in OEE, to be able to 
cover the widest spectrum of possible cases. 
In this study, we wanted to evaluate how such theoretical 
models related to OEE are actually able to represent the 
world of tight production flows or whether, in these cases, 
a more complex type of simulation should be preferred. 
To do this, we carried out a case study of a production 
line in the pharmaceutical industry, and the results 
showed that the simulation approach gives better results 
because of the peculiarities not considered by the 
theoretical models. 
 
Keywords Overall Equipment Effectiveness, Un-paced 
Production Line Efficiency, Simulation 
                                         
1. Introduction  
 
In the industrial sector it is increasingly common to 
employ methods and tools to measure production 
performance. There are various reasons why, in recent 
years, there has been a steady increase in the adoption of 
these techniques. The main reason is the need to quantify 
the achievement of the objectives set by the companies 
and, consequently, to identify areas of improvement [1]. 
 
In the literature there are many papers that deal with the 
measurement of system performance [2] [3] [4] [5]. They 
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error codes for each stop, which are often difficult to 
classify in the Nakajima paradigm. It is often necessary to 
contact the machine manufacturer for clarification and 
explanation; this, unfortunately, is almost never 
immediate and is sometimes impossible. 
 
Furthermore, Jeong and Phillips [15] have shown that 
OEE is not very suitable in capital-intensive sectors. In 
these areas, in fact, in order to have an immediate return 
on investment, the machines should be utilized to their 
maximum potential. It is therefore appropriate to 
consider each type of loss, even those related, for example, 
to the scheduled preventive maintenance (PM) or to the 
closures of plants during holidays. These elements are not 
considered in the classical version of OEE, which was 
conceived in a manufacturing environment. According to 
Jeong and Phillips, therefore, the right time at which the 
calculation of OEE should be made is not the loading 
time but, rather, the total calendar time. 
 
In addition, de Ron and Rooda [16] have introduced a 
new version of the OEE parameter, in order to measure 
the actual performance of a production system, without 
considering all the inefficiencies that come from outside 
and that do not depend directly on them (operator skills, 
availability of materials, etc.). They define the E 
parameter that distinguishes cases in which a machine is 
inserted and integrated in a production process from 
those in which it is considered an element in itself. 
According to the authors, the conditions of starving and 
blocking, causing slowdowns in an independent machine, 
should not be considered in the calculation of 
inefficiencies. The OEE, therefore, measures the 
performance of a specific machine inserted into a wider 
production environment. Material handling, the presence 
of buffers, and production queues, however, significantly 
impact on its performance; for this reason, as well as 
having an index that measures the efficiency of each 
machine, you must also have an index representative of 
the entire line. 
 
In fact, the main limitation of OEE is that it generally 
cannot be used for the calculation of the efficiency of an 
unbalanced production line. For this reason, several 
authors have proposed modifications to the classical 
formulation of OEE. 
 
Brandt and Taninecz [17], for example, have introduced a 
parameter called the overall plant efficiency, which takes 
into account the efficiency of three elements: the 
workspace, the people and, of course, the machines. 
 
Braglia et al. [8] have studied how to calculate the 
efficiency of a production line, introducing a new metric 
called OEEML (overall equipment effectiveness of a 
manufacturing line). The main advantage of this method 
is its possibility of evaluating a global parameter of an 
entire production line. 
 
Caridi et al. [18] used the OEE parameters to calculate the 
rate of a balanced paced line without decoupling points, 
taking into account how the quality parameter impacts 
negatively on the pace of the line. The main limitation of 
this approach is that it needs a balanced line. 
 
The analytical approach of OEE, despite the proposed 
changes, has several limitations, and so several 
researchers directed their interest towards a different 
approach [1], namely, the simulation. In literature, in fact, 
there are many works that demonstrate such interest [19], 
in particular in the production field [20] [21], for 
improving line effectiveness [22], for a more efficient 
plant layout [23], or for management of the entire supply 
chain [24]. 
 
Simulation is defined as the process that allows 
experiments to be performed on a specifically developed 
model, rather than on the real system. A simulation model, 
therefore, is a descriptive model of a process or of a system, 
built thanks to some of its typical parameters (production 
speed of a station, production or waiting times, etc.). 
 
As a descriptive model of a real system, it can be used to 
perform experiments, to evaluate hypothetical changes to 
the real system, to compare different alternatives, and to 
urge the system ‘in vitro’. This experiment has the 
advantage of not having any real impact on the system, 
although many of these simulations are time consuming 
and require information that is not always readily 
available [25]. 
 
Despite these disadvantages, the simulation is considered 
to be an indispensable method of problem solving [26] in 
different application contexts, outstandingly necessary in 
the following cases [25]: 
• testing of a complex system; 
• definition and design of a new system; 
• heavy investments required for the implementation 
of a proposed change to a new or existing system; 
• the need to have a tool that can show the various 
stakeholders involved the effects of specific 
solutions for a system. 
 
The use of performance indicators is widespread in all 
industries, especially in those with a high level of 
difficulty in achieving high profits [27]. One of these is 
the pharmaceutical industry, which has high profitability 
and, at the same time, a remarkable need for high 
investments. These are linked both to the development 
phase of a new drug (the time and cost required for the 
introduction of a new drug into the market are, in fact, 
extremely long) and to the production phase. 
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those downstream have higher productivity, varying 
between 430 and 440 ampoules per minute. 
 
The line includes the presence of some buffers, which are 
able to decouple the different stations. Important in 
particular are the buffers adjacent to the bottleneck. The 
buffer upstream allows exploitation of the greater 
productivity of the machines preceding the bottleneck (A 
and B) and ensures that the bottleneck is never starving 
(problems such as failures to upstream machines set ups, 
etc., generating a lack of material for the bottleneck, are 
avoided). The buffer downstream, instead, avoids the 
bottleneck never being in the condition of blocking. In 
fact the critical station can work even when the 
downstream machine is no longer able to work (for a 
failure or any setup), continuing to produce and to store 
the pieces worked right in the downstream buffer. The 
goal of the buffers adjacent to the bottleneck, therefore, is 
to avoid the blocking of production for reasons 
dependent from other working stations.  
 
The line has the main decoupling buffer just upstream of 
the machine C. It is supervised by the control logic that 
constantly checks his level of filling and stops, if 
necessary, either the upstream or downstream machine. 
The machines at the bottom of the line have high 
productivity that is obviously not fully exploited because 
the bottleneck sets its lower pace to the entire line. 
 
5. Results 
 
The methods presented in the third section were applied 
to the packaging line of a pharmaceutical company in 
order to assess its performance. 
 
The application of each method was preceded by a phase 
of production log analysis, necessary to obtain useful data 
for the calculation of productive performance. This phase 
required considerable effort, mainly related to the need to 
determine the times of production and those of machine 
downtime. These values were derived by analysing the 
codes associated with the states of the machines, although 
this relation is not always trivial and immediate because 
the difficulty of the interpretation of some codes is 
somewhat cryptic. 
 
The classic OEE was the first model applied. Starting from 
the log data of the production line, we prepared the 
necessary information for the calculation of  �, �� and � and, 
in particular, the load times, failures, setup times, and the 
time lost due to non-measurable stops and to loss of quality. 
 
The database used included an opening time of the 
factory of approximately three months (89 days) from 
which, given non-working days (holidays, Sundays) and 
work shifts, we had a loading time of 48 days. 
We then performed the availability parameter calculation, 
considering only the efficiency losses related to faults and 
setups. Thus, for each machine of the line, we could evaluate 
the operating time. Table 1 shows the values gained. 
 
Machine � �� � ���
A 74.4% 74.3% 100% 55.3%
B 76.6% 77.6% 99.2% 59.0%
C 68.9% 66.0% 99.1% 45.1%
D 92.4% 100% 98.4% 90.9%
E 99.0% 100% 100% 99.0%
F 96.4% 100% 100% 96.4%
Table 1. Availability, performance efficiency, quality and OEE 
for each of the six machines of the line obtained with the 
application of the Nakajima approach 
 
The last three stations, D E and F, have very high 
experimental values of Ep as they never showed 
reductions in their rate of production. It should be noted 
that stations are largely oversized and, in the calculation, 
all the cases in which a station was stopped for blocking 
or starving were eliminated. 
 
The application of the model proposed by Caridi et al. 
enabled the reduction of the quality index going 
upstream in the line to be taken into account. The OEE 
values of the machines are shown in Table 2. 
 
Machine � �� � ���
A 74.4% 74.3% 96.7% 53.5%
B 76.6% 77.6% 96.7% 57.5%
C 68.9% 66.0% 97.5% 44.3%
D 92.4% 100% 98.4% 90.9%
E 99.0% 100% 100.0% 99.0%
F 96.4% 100% 100.0% 96.4%
Table 2. Availability, performance efficiency, quality and OEE 
for each of the six machines of the line obtained with the Caridi 
et al. [18] approach 
 
To evaluate the OEEML [8] it was necessary to separate 
inefficiencies due to individual machines of the line from 
the external ones (blocking, starving and preventive 
maintenance). This difference has an impact mainly on 
the values of Ep, which were obtained by eliminating the 
efficiency losses related to blocking and starving. To take 
into account preventive maintenance, however, we 
analysed the maintenance plan of the line, from which we 
could derive the values of	���. Table 3 shows the values 
of OEEM for each machine of the line. 
 
Machine � �� � ��� ���� 
A 74.4% 75.6% 100.0% 99.0% 55.7%	
B 76.6% 78.9% 99.2% 99.0% 59.4%	
C 68.9% 77.1% 99.1% 98.0% 51.6%	
D 92.4% 100% 98.4% 99.0% 90.0%	
E 99.0% 100% 100% 99.5% 98.5%	
F 96.4% 100% 100% 99.5% 95.9%	
Table 3. Availability, performance efficiency, quality, PM 
availability and OEEM for each machine in the line, obtained by 
applying the method proposed by Braglia et al. [8] 
Int J Eng Bus Manag, 2014, 6:27 | doi: 10.5772/591586 www.intechopen.com
To compare
packaging l
creation of a
required a ca
and through
the informati
level of detai
 
We used sto
was built in 
its specific p
considers the
which are t
materials (la
location, and
 
Figure 4 sho
very useful 
simulation so
 
Figure 4. Sim
highlighted wi
that define the
the line (A, B, C
 
Before usin
verification 
validation w
characteristic
results provid
 
Figure 5 sho
the actual 
machine C fo
 
Figure 5. Real 
of a specific ba
from the prod
the simulation
 these resul
ine were fin
 simulation m
reful analysi
 the producti
on needed to 
l appropriate 
chastic discr
Rockwell Ar
ackaging sim
 main featur
rue material
bels, tapes, 
 dimension of
ws a graphic
to describe t
ftware. 
ulation model 
th different col
 behaviour of e
, D, E, F) 
g the simu
and validat
as perform
 parameters 
ed by the mo
ws, as an exa
and simulate
r a specific ba
vs. simulated t
tch of the C ma
uction log whi
 results. 
ts, the perf
ally measur
odel of the 
s of the line, 
on logs, neces
describe the l
to our needs. 
ete event sim
ena simulatio
ulating mod
es of the rea
 flow, the u
wraps), ma
 buffers. 
al representa
he system, o
of the packag
ours identify th
ach of the mac
lation mode
ion were c
ed consideri
of the line, b
del with the r
mple, the com
d cumulativ
tch.  
rend of the cum
chine. The real
le the simulate
ormances of 
ed through 
line. This act
both on the 
sary to obtai
ine according
ulation: a m
n software, u
ules. The m
l packaging 
se of secon
chine reliab
tion of the m
btained with
ing line. The 
e parts of the m
hines that mak
l, the steps
arried out. 
ng the diffe
y comparing
eal ones. 
parison betw
e production
ulative produ
 data were obta
d data derives 
the 
the 
ivity 
field 
n all 
 to a 
odel 
sing 
odel 
line, 
dary 
ility, 
odel 
 the 
 
areas 
odel 
e up 
 of 
The 
rent 
 the 
een 
 of 
 
ction 
ined 
from 
Refe
prod
simu
 
In th
failu
hori
due
inte
grap
exce
emp
com
 
Tabl
for a
from
the s
 
Tab
outp
 
Tabl
obta
 
In 
perf
com
data
 
rring to Fig
uction of the
lated case. 
e graph, of c
re, given the
zontal axis. Y
 to the interac
r-operational 
hs it is clear 
ption for a g
tying of the
pared to reali
Minute 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
 
e 4. Real vs. si
 specific batch o
 the productio
imulation resul
le 5 shows the
ut data of the
e 5. Availabili
ined with outpu
order to atta
ormance, Tab
pared to the r
 (these are sh
ure 5, Table 
 C machine b
ourse, you m
 relative sho
ou can still o
tion between 
buffers. From
that the trend
reater speed i
 line, visible 
ty. 
Real cumula
productio
7
25
37
43
73
85
91
164 
248 
248 
255 
274 
274 
334 
406 
491 
569 
 
mulated trend 
f the C machin
n log, while the
ts. 
 value of ava
 simulation m
Machine
A
B
C
D
E
F
ty for each of 
t simulation da
in a comple
le 6 shows t
esults of the 
own in Table 
4 shows th
oth for the re
ay not notice
rtness of the
bserve a non
the different m
 the analysi
s are compar
n the phases 
in the simu
tive 
n 
Sim
cum
prod
1
1
1
1
of the cumulati
e. The real data
 simulated dat
ilability evalu
odel. 
� 
88,3% 
75,1% 
89,3% 
99,5% 
99,6% 
97,5% 
the six machin
ta 
te represent
he availabilit
simulation mo
1).  
e cumulative
al and for the
 any stop for
 time on the
-linear trend
achines and
s of the two
able, with an
of filling and
lation model
ulated 
ulative 
uction
406
479
483
562
570
641
671
720
731
788
799
879
958
038
117
196
275
 
ve production,
 were obtained
a derives from
ated with the
es of the line
ation of the
y of the line
del with real
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Filippo De Carlo, Maria Antonietta Arleo and Mario Tucci: OEE Evaluation of a Paced Assembly Line Through 
Different Calculation and Simulation Methods: A Case Study in the Pharmaceutical Environment
7www.intechopen.com
Table 6. Real v
 
The simulat
management 
taken into acc
lines quality 
end of the p
distributed al
stringent qua
packaging, al
product, is n
parts at the e
contained in 
controls on 
continuously 
identify and 
soon as possi
our case study
presence of th
number of via
 
From the ope
each machin
experimental
efficiency w
interaction of
setups, the 
maintainabili
 
The simulat
managers be
of every sing
obtained for 
entire line ob
 
The simulatio
with an exp
company, ca
theoretical pr
that the real p
value obtaina
simulated one
for industria
company’s KP
simulation res
 
A critical an
section. 
 
6. Discussion
 
The applicat
shown how t
 
Real 
Simulated
s. simulated av
ion approach
typical of the
ount. While i
controls are c
rocess, in the
ong the entire
lity controls t
so, as the fina
ot suitable fo
nd of the line
boxes and p
the quality o
at intermedia
discard (or re
ble. In practic
 relate to the 
e label of the
ls inserted in e
rational poin
e were introd
 values. A
ere obtain
 each station 
scheduled s
ty values of e
ion results w
cause, in addi
le machine, th
the entire pr
tained by the 
n results were
erimental pr
lculated as th
oductivity. Fo
roduction is 
ble. The exper
, but slightly l
l confidential
I was the way
ults and the th
alysis of the 
 and conclusi
ion of the mo
he simulation
� 
53,2% 
 51,5% 
ailability for th
 allows th
 pharmaceuti
n most produ
arried out alm
 pharmaceut
 line. This is 
ypical of this 
l link in the 
r the identific
, when the pr
allets. It is qu
f the produc
te points of 
work) non-co
e, the quality 
physical integr
 medicine, the
ach package, 
t of view, the
uced by takin
vailability a
ed experim
with the othe
tops and th
ach machine. 
ere very us
tion to provid
ey enabled a
oduction line
simulation m
 compared wit
oductivity KP
e ratio betw
r instance a va
60% of the ma
imental value 
ower (the valu
ity). The com
 to verify the 
eoretical meth
results is pro
on 
dels presente
 approach is
e packaging lin
e non-confor
cal industry t
ction or packa
ost entirely a
ical field they
mainly due to
area. The stag
chain of maki
ation of defe
oducts are alr
ite necessary 
t are carried
the line, so a
mpliant piece
controls typic
ity of the vials
 correctness o
and so on. 
 quality valu
g them from
nd perform
entally by 
r, introducing
e reliability 
eful for the 
ing the behav
n OEE value t
. The OEE of
odel is 61.20%
h the real data
I in use in
een real and
lue of 60% m
ximum theore
is very close t
e is not given
parison with
quality of both
ods. 
vided in the 
d previously
 more suitabl
e  
mity 
o be 
ging 
t the 
 are 
 the 
e of 
ng a 
ctive 
eady 
that 
 out 
s to 
s as 
al of 
, the 
f the 
es of 
 the 
ance 
the 
 the 
and 
line 
iour 
o be 
 the 
. 
 and 
 the 
 the 
eans 
tical 
o the 
 here 
 the 
 the 
next 
 has 
e for 
repr
The
mod
been
anal
simu
mor
the 
 
The
anal
effo
Mos
nece
veri
 
The
anal
alon
mac
of e
upst
the 
them
 
The
that
real
and
the 
give
the 
allo
ope
been
thes
patt
adh
 
A fu
buff
tren
its p
 
Figu
bottl
esenting the 
 problems re
els, both clas
 faced in our
ytical model
lation, howe
e meaningful
line can hypot
 simulation a
ytical one: to
rt is necessary
t of the tim
ssary parame
fication and v
 main elem
ytical models
g the line. 
hines and en
ach other (
ream stops, a
worked piece
 in the down
 analysis of 
 the simulat
 production,
 the model i
simulation m
 a better repr
packaging 
ws definition
ning and clo
 derived th
e speed valu
erns of Figu
eres to reality
rther compa
er upstream 
d of this buff
erformance in
re 6. Number
eneck in the rea
packaging lin
lated to the
sical and its e
 case study. A
s are to be
ver, makes it
 to the busine
hetically be c
pproach is m
 have a true
, both in term
e has been 
ters and adju
alidation pha
ent that dif
 is the prese
The buffers 
sure that they
i.e., when th
 machine can
s from the up
stream buffer
the results (
ion model c
 due to a m
n the start-u
odel has be
esentation o
line. The si
 of speed re
sing of batch
rough line 
es, the diffe
re 5 are r
 even more. 
rison can be 
of the bottle
er in the real 
 the simulatio
 of pieces in 
l case 
e considered 
 application 
volutions, in f
lthough the 
 considered
 possible to o
ss because ev
onsidered. 
ore demand
 and reliable
s of time and
spent identi
sting the mod
ses. 
ferentiates si
nce of decou
allow separ
 can work in
ere are dow
 work anywa
stream buffe
). 
see Figure 5
annot perfec
ismatch bet
p phase. For
en modified
f the actual fu
mulation so
lated to the p
es. This info
observation. 
rences betw
educed and 
made by co
neck. Figure 
case, while Fi
n model. 
the buffer up
in this study.
of the OEE
act, have also
results of the
 quite well,
btain results
ery aspect of
ing than the
 model huge
 competency.
fying all the
el during the
mulation by
pling points
ation of the
dependently
nstream or
y picking up
r and putting
) has shown
tly represent
ween reality
 this reason
 in order to
nctioning of
ftware used
hases of the
rmation has
Introducing
een the two
the pattern
nsidering the
6 shows the
gure 7 shows
stream of the
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Int J Eng Bus Manag, 2014, 6:27 | doi: 10.5772/591588 www.intechopen.com
Figure 7. Nu
bottleneck in th
 
As well as t
changed, pas
estimate of 5
the model ha
the experim
simulation.  
 
With regard 
have been a b
 
The classical
low, for the 
real data. Th
calculation m
 
The second 
buffers, has 
that scraps 
reworked. A
account the 
reducing it a
this is not su
As a matter 
mentioned, 
immediately 
procedures.  
 
The third mo
the lack of an
in the reliabil
 
To sum up, w
helpful with
approach is 
and well bal
manage imb
the effects of 
 
The simulatio
any ‘abnorm
be a valuable
in all cases i
encoded ster
 
mber of piece
e simulated ca
he model, th
sing from th
8.80%. Thus, 
s led to furthe
ental value r
to the theore
it too far from
 OEE calculat
bottleneck of 
is is explaine
odel. 
model, in a
worsened the
proceed alo
s has been s
quality index
ccording to t
itable for ou
of fact in th
the defectiv
extracted fr
del, lastly, pr
y modelling 
ity of the resu
e can say tha
 individual 
well suited t
anced paced 
alances of the
buffers. 
n, on the con
al’ situations 
 alternative t
n which the 
eotype. 
s in the buffe
se 
e OEE value 
e previous 6
this addition
r reduction o
ecorded in t
tical models,
 experimenta
ion gave resu
the line, whe
d by the lack
ddition to n
 situation be
ng the line
tated previou
 of every up
he downstrea
r pharmaceut
e pharmaceu
e parts are
om the line 
ovides a high
of the buffer c
lts. 
t the classica
machines, 
o scenarios w
lines, while t
 stations but
trary, is suita
and, for this 
o analytical m
system is not
r upstream o
of the entire
1.20% to the 
al modificatio
f the gap betw
he KPI, and
 their predict
l reality. 
lts that were
n compared 
 of buffers in
ot managing
cause it assu
 without b
sly, it takes 
stream station
m machines,
ical environm
tical industry
 identified 
with autom
er value, altho
auses a limita
l OEE approa
and the sec
ith synchron
he third can 
 does not inc
ble for mode
reason, prove
odels, espec
 reducible to
 
f the 
 line 
new 
n of 
een 
 the 
ions 
 too 
with 
 the 
 the 
mes 
eing 
into 
 by 
 but 
ent. 
, as 
and 
ated 
ugh 
tion 
ch is 
ond 
ized 
also 
lude 
lling 
s to 
ially 
 any 
To 
perf
prod
perf
imp
app
com
syst
 
The
prov
the 
sele
defi
met
and
mor
mut
whi
oper
avai
expe
instr
adv
edit
on 
eval
mod
cont
mod
 
An 
of th
they
inte
and
cont
 
From
can 
no c
OEE
pha
 
Con
imp
enab
prod
It w
mod
and
resu
 
 
 
 
conclude, w
ormance mea
uction or pa
ormance, id
rovement act
ropriate tha
prehension o
em. 
 analytical me
ide some est
line. In any 
cting the mo
ne its scope. 
hods have sig
 effectiveness
e depth the 
ual relations 
ch they intera
ational buff
lable appro
nditure of ti
uments with
antage of sim
 one of the in
output, with
uation of fo
els. Once the
inues with m
ification and 
increased use
e productivi
 allow the rep
r-operational 
 rework (more
ext. 
 the point of
say that in th
omparisons b
 and simu
rmaceutical n
sidering futu
ortance of d
le representa
uction line, a
ill thus be 
els that, unlik
 can afford b
lts. 
e can say 
sures able to
ckaging line 
entifying p
ions. Some m
n others, 
f more typi
thods have p
imate of the p
case, it is im
del and in 
If the choice 
nificant adv
. If, howeve
behaviour of 
between the 
ct with each
er, then the
ach. Simula
me and cost
 the greate
ulation is tha
put values, in
out going t
rmulae as re
 model is bu
any possibil
improvement
 of theoretical
ty of a line w
resentation o
buffer, opera
 realistic man
 view of the o
e scientific lit
etween OEE,
lation appr
or in the manu
re developme
eveloping ne
tion of the p
lso taking int
possible to 
e simulators,
etter analysi
that the av
 assess the e
is essential fo
roblems an
easure mod
because t
cal elements
roven to alwa
roduction pe
portant to 
making assu
is well thoug
antages in te
r, we must i
the line, hig
machines and
 other and w
 simulation 
tion, despit
, is still toda
st effectiven
t it is possib
 order to ver
hrough any 
quired by th
ilt, therefore
ities for prom
 of the line. 
 models for t
ill be possib
f unbalanced 
ted under pol
agement for 
riginality of 
erature there 
 OEEML, oth
oaches, neit
facturing fie
nts, this stud
w analytical 
erformance e
o account the
apply accura
 are much mo
s and comp
ailability of
fficiency of a
r monitoring
d planning
els are more
hey enable
 of the real
ys be able to
rformance of
be careful in
mptions that
ht out, these
rms of speed
nvestigate in
hlighting the
 the ways in
ith the inter-
is the best
e the high
y one of the
ess. Another
le to directly
ify the effects
intermediate
e theoretical
, the support
pt analyses,
he evaluation
le only when
lines, with an
icies of scrap
the industrial
this work, we
are currently
er variants of
her in the
ld. 
y shows the
models that
fficiency of a
 buffer effects
te analytical
re immediate
arison of the
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 
 
 
Filippo De Carlo, Maria Antonietta Arleo and Mario Tucci: OEE Evaluation of a Paced Assembly Line Through 
Different Calculation and Simulation Methods: A Case Study in the Pharmaceutical Environment
9www.intechopen.com
6. References 
 
[1] S. H. Huang, J. P. Dismukes, J. Shi, Q. Su, M. A. 
Razzak, R. Bodhale, and D. E. Robinson, 
‘Manufacturing productivity improvement using 
effectiveness metrics and simulation analysis’, Int. J. 
Prod. Res., vol. 41, no. 3, pp. 513–527, 2003. 
[2] K. M. N. Muthiah and S. H. Huang, ‘A review of 
literature on manufacturing systems productivity 
measurement and improvement’, Int. J. Ind. Syst. Eng., 
vol. 1, no. 4, pp. 461–484, Jan. 2006. 
[3] A. Neely, M. Gregory, and K. Platts, ‘Performance 
measurement system design: A literature review and 
research agenda’, Int. J. Oper. Prod. Manag., vol. 25, no. 
12, pp. 1228–1263, Dec. 2005. 
[4] C. F. Gomes, M. M. Yasin, and J. V. Lisboa, ‘A 
literature review of manufacturing performance 
measures and measurement in an organizational 
context: a framework and direction for future 
research’, J. Manuf. Technol. Manag., vol. 15, no. 6, pp. 
511–530, Sep. 2004. 
[5] S. Tangen, ‘Demystifying productivity and 
performance’, Int. J. Product. Perform. Manag., vol. 54, 
no. 1, pp. 34–46, Jan. 2005. 
[6] A. M. Ghalayini and J. S. Noble, ‘The changing basis 
of performance measurement’, Int. J. Oper. Prod. 
Manag., vol. 16, no. 8, pp. 63–80, Aug. 1996. 
[7] F. De Carlo, M. Tucci, and O. Borgia, ‘Bucket 
brigades to increase productivity in a luxury 
assembly line’, Int. J. Eng. Bus. Manag., vol. 5, pp. 59–
68, 2013. 
[8] M. Braglia, M. Frosolini, and F. Zammori, ‘Overall 
equipment effectiveness of a manufacturing line 
(OEEML): an integrated approach to assess systems 
performance’, J. Manuf. Technol. Manag., vol. 20, no. 1, 
pp. 8–29, 2008. 
[9] F. De Carlo, M. A. Arleo, M. Tucci, and O. Borgia, 
‘Layout design for a low capacity manufacturing line: 
a case study’, Int. J. Eng. Bus. Manag., vol. 5, pp. 123–
132, 2013. 
[10] S. Nakajima, Introduction to TPM: Total Productive 
Management. Productivity Press Portland, OR, 1988. 
[11] C. Vervaet and J. P. Remon, ‘Continuous granulation 
in the pharmaceutical industry’, Chem. Eng. Sci., vol. 
60, no. 14, pp. 3949–3957, 2005. 
[12] S. D. Schaber, D. I. Gerogiorgis, R. Ramachandran, J. 
M. Evans, P. I. Barton, and B. L. Trout, ‘Economic 
analysis of integrated continuous and batch 
pharmaceutical manufacturing: a case study’, Ind. 
Eng. Chem. Res., vol. 50, no. 17, pp. 10083–10092, 2011. 
[13] T. Friedli, M. Goetzfried, and P. Basu, ‘Analysis of 
the implementation of total productive maintenance, 
total quality management, and just-in-time in 
pharmaceutical manufacturing’, J. Pharm. Innov., vol. 
5, no. 4, pp. 181–192, 2010. 
 
[14] P. Kent, A. Bakker, C. Hoyles, and R. Noss, 
‘Measurement in the workplace: the case of process 
improvement in manufacturing industry’, ZDM, vol. 
43, no. 5, pp. 747–758, 2011. 
[15] K.-Y. Jeong and D. T. Phillips, ‘Operational efficiency 
and effectiveness measurement’, Int. J. Oper. Prod. 
Manag., vol. 21, no. 11, pp. 1404–1416, 2001. 
[16] A. J. De Ron and J. E. Rooda, ‘Equipment 
effectiveness: OEE revisited’, IEEE Trans. Semicond. 
Manuf., vol. 18, no. 1, pp. 190–196, Feb. 2005. 
[17] J. R Brandt and G. Taninecz, ‘Capacity utilization’, 
Glass in It Style, vol. 1, no. 1, pp. 10–18, 2005. 
[18] M. Caridi, R. Cigolini, and V. Farina, ‘Designing 
unbalanced paced lines: a conceptual model and an 
experimental campaign’, Prod. Plan. Control, vol. 17, 
no. 5, pp. 464–479, 2006. 
[19] C. Battista, G. Dello Stritto, F. Giordano, R. Iannone, 
and M. M. Schiraldi, ‘A business process modeling 
approach to support production systems analysis 
and simulation’, in 23rd European Modeling and 
Simulation Symposium, EMSS 2011, pp. 325–332, 2011. 
[20] A. Carrie, ‘Simulation of manufacturing systems’, 1988. 
Available from: http://www.ulb.tu-darmstadt.de/tocs/ 
12809594.pdf. 
[21] J. W. Fowler and O. Rose, ‘Grand challenges in 
modeling and simulation of complex manufacturing 
systems’, SIMULATION, vol. 80, no. 9, pp. 469–476, 
Sep. 2004. 
[22] F. De Felice and A. Petrillo, ‘Productivity analysis 
through simulation technique to optimize an 
automated assembly line’, Proceedings of the IASTED 
International Conference, Napoli, Italy, pp. 35–42, 2012. 
[23] F. De Felice and A. Petrillo, ‘Simulation approach for 
the optimization of the layout in a manufacturing firm’, 
presented at the Proceedings of the 24th IASTED 
International Conference on Modelling and Simulation, 
MS 2013, Banff, AB; Canada, pp. 152–161 2013. 
[24] R. Iannone, S. Miranda, and S. Riemma, ‘Supply 
chain distributed simulation: An efficient 
architecture for multi-model synchronization’, Simul. 
Model. Pract. Theory, vol. 15, no. 3, pp. 221–236, 2007. 
[25] I. I. Carson and S. John, ‘Introduction to modeling 
and simulation’, in Proceedings of the 36th conference on 
Winter simulation, pp. 9–16, 2004. 
[26] J. Banks, Handbook of Simulation: Principles, 
Methodology, Advances, Applications, and Practice. John 
Wiley & Sons, 1998. 
[27] G. Di Bona, V. Duraccio, A. Silvestri, and A. Forcina, 
‘Productive line reengineering through simulation 
techniques’, presented at the Proceedings of the 
IASTED International Conference on Modelling, 
Identification and Control, pp. 291–296, 2014. 
[28] R. Singh, D. B. Shah, A. M. Gohil, and M. H. Shah, 
‘Overall equipment effectiveness (OEE) calculation—
automation through hardware & software 
development’, Procedia Eng., vol. 51, pp. 579–584, 2013. 
 
Int J Eng Bus Manag, 2014, 6:27 | doi: 10.5772/5915810 www.intechopen.com
[29] E. M. Goldratt and R. E. Fox, The Race (Croton-on-
Hudson, NY). North River Press, 1986. 
[30] S. N. Kadipasaoglu, W. Xiang, S. F. Hurley, and B. M. 
Khumawala, ‘A study on the effect of the extent and 
location of protective capacity in flow systems’, Int. J. 
Prod. Econ., vol. 63, no. 3, pp. 217–228, 2000. 
[31] R. G. Sargent, ‘Validation and verification of 
simulation models’, in Simulation Conference, 2004. 
Proceedings of the 2004 Winter, vol. 1, 2004. 
 
 
 
 
 
Filippo De Carlo, Maria Antonietta Arleo and Mario Tucci: OEE Evaluation of a Paced Assembly Line Through 
Different Calculation and Simulation Methods: A Case Study in the Pharmaceutical Environment
11www.intechopen.com
